Abstract Using five spacecraft in geosynchronous orbit, plasmaspheric drainage plumes are located in the dayside magnetosphere and the measured pitch angle anisotropies of radiation belt electrons are compared duskward and dawnward of the plumes. Two hundred twenty-six plume crossings are analyzed. It is found that the radiation belt anisotropy is systematically greater dawnward of plumes (before the electrons cross the plumes) than it is duskward of plumes (after the electrons have crossed the plumes). This change in anisotropy is attributed to pitch angle scattering of the radiation belt electrons during their passage through the plumes. A test database in the absence of plumes finds no equivalent change in the radiation belt anisotropy. The amount of pitch angle scattering by the plume is quantified, scattering times are estimated, and effective pitch angle diffusion coefficients within the plume are estimated. The pitch angle diffusion coefficients obtained from the scattering measurements are of the same magnitude as expected values for electromagnetic ion cyclotron (EMIC) waves at high electron energies (1.5 MeV); however, expected EMIC diffusion coefficients do not extend to pitch angles of 90°and would have difficulties explaining the observed isotropization of electrons. The pitch angle diffusion coefficients obtained from the scattering measurements are of the same magnitude as expected values for whistler mode hiss at lower electron energies (150 keV). Outward radial transport of the radiation belt caused by the pitch angle scattering in the plume is discussed.
Introduction
As the electrons of the outer electron radiation belt circulate around the Earth, they undergo interaction with the plasma waves of the magnetosphere. One important result of these wave-particle interactions is pitch angle scattering [Lyons and Thorne, 1973; Shprits et al., 2009; Artemyev et al., 2012] . This scattering is thought to be particularly strong as the radiation belt electrons drift across the plasmaspheric drainage plume that sometimes resides in the dayside magnetosphere [Spasojevic et al., 2004; Fraser et al., 2006; Bortnik et al., 2006; Yahnin and Yahnina, 2007; Millan and Thorne, 2007; Jordanova et al., 2007] . The high-density lumpy drainage plume is anticipated to be the site of electromagnetic ion cyclotron (EMIC) waves [e.g., Kovalevskiy, 1980 Kovalevskiy, , 1981 Jordanova et al., 2006; Thorne et al., 2006; Spasojevic and Fuselier, 2009] and plasmaspheric hiss [e.g., Chan and Holzer, 1976; Hayakawa et al., 1986; Summers et al., 2008] .
Anisotropies of the pitch angle distributions of the radiation belt electrons are driven largely by drift shell splitting in the presence of a radially inward flux gradient [Hones, 1963; Pfitzer et al., 1969; Selesnick and Blake, 2002] as the electrons orbit the Earth in a field that is weakened from dipole values by plasma diamagnetism on the nightside [Borovsky and Denton, 2010a] and strengthened above dipole values by the Chapman-Ferraro current on the dayside. (Note that this nightside-dayside pattern can be reversed during geomagnetic storms at low solar wind Mach numbers [cf. Borovsky et al., 2009 Borovsky et al., , 2013 .) In the dayside magnetosphere the outer electron radiation belt pitch angle distribution is usually dominated by fluxes of electrons perpendicular to B (pitch angles α~90°) with weak fluxes parallel to B [cf. West et al., 1973; Gannon et al., 2007; Borovsky and Denton, 2011] ; the opposite trend (parallel dominance) is seen on the nightside [cf. Borovsky and Denton, 2011] .
A sketch of the equatorial plane of the magnetosphere appears in Figure 1 . The plasmaspheric drainage plume, composed of cold plasma flowing sunward from low L shells to the dayside reconnection X line on the BOROVSKY ET AL. magnetopause, is shown in green. Geosynchronous orbit (L = 6.6) is shown as the black dashed circle. As spacecraft in geosynchronous orbit pass through the dayside magnetosphere from dawn to noon to dusk, they pass through the plasmaspheric drainage plume Borovsky and Denton, 2008] . Drainage plumes are a persistent feature of geomagnetic storms: experience with the magnetospheric plasma analyzer (MPA) [Bame et al., 1993; Thomsen et al., 1999] data set at geosynchronous orbit has taught the authors that as long as the Kp index is elevated, the MPA spacecraft will consistently detect a plume in the dayside magnetosphere.
The amount of pitch angle scattering that radiation belt electrons undergo as they cross through the plume plasma in their drift orbits will be statistically measured by comparing radiation belt anisotropy measurements just dawnward of the plumes (before the electrons cross) with radiation belt anisotropy measurements just duskward of the plumes (after the electrons cross). Plumes will be located using the MPA instruments on five spacecraft in geosynchronous orbit, and the radiation belt anisotropies will be measured by the synchronous orbit particle analyzer (SOPA) instruments [Belian et al., 1992; Cayton and Belian, 2007] on the same five spacecraft. To build statistics, 226 plume crossings will be analyzed.
This manuscript is organized as follows. In section 2 the methodology of the measurements is described, and the results of the measurements are shown in section 3. A test of the scattering-measurement technique in the absence of drainage plumes is described in section 4. In section 5 scattering times are calculated for one at geosynchronous orbit associated with the drainage plume. In section 6 the pitch angle diffusion coefficient within the plume at geosynchronous orbit is estimated from the scattering measurements. In section 7 the radial transport and radial diffusion of the electron radiation belt associated with the pitch angle scattering is estimated. Section 8 contains discussions about the local time pattern of radiation belt anisotropy and about consequences of the pitch angle scattering.
Measuring the Pitch Angle Scattering
The amount of pitch angle scattering that radiation belt electrons undergo as they make a single crossing of the plasmaspheric drainage plume in the dayside magnetosphere will be measured by statistically comparing the measured anisotropy of the electrons before they cross the plume with their measured anisotropy after they cross the plume.
The before and after measurements of the radiation belt anisotropy will be attained from 226 crossings of drainage plumes by five geosynchronous orbit spacecraft carrying the SOPA energetic-particle instruments. The anisotropy will be measured in two energy bands: 1.3-1.7 MeV and 120-180 keV. This two-energy band anisotropy data set was assembled for the radiation belt anisotropy survey of Borovsky and Denton [2011] . Ten minute averages of the measured fluxes will be used from satellites that spin with~10 s periods. Each SOPA instrument contains three electron telescopes mounted on a satellite with an Earth-pointing spin axis [Cayton and Belian, 2007] . Without a magnetometer on board the spacecraft, the magnetic field direction at the satellite is determined from the anisotropy axis of the electron flux measurements, and that magnetic field direction is used to sort the electron flux measurements into pitch angle. The pitch angle distributions are assumed to be symmetric, about 90°, so the pitch angle measurements are reflected about 90°. For the Figure 1 . A sketch of the equatorial plane of the magnetosphere showing how geosynchronous orbit (black dashed curve) cuts through the plasmaspheric drainage plume (green) in the dayside magnetosphere. The direction of motion of spacecraft in geosynchronous orbit is shown with the black arrowheads. (This is also the direction of the radiation belt electron drift.) Each time a spacecraft crosses a plume, 1 h of measurements is extracted before entering the plume (blue) and 1 h of measurements is extracted after exiting the plume (red). Borovsky and Denton [2011] survey the ratio A of the average flux F in the fieldaligned directions (15°-45°) to the average flux F in the perpendicular directions (45°-90°) was used, written
Pitch angles between 0°and 15°are not used in this parameter A owing to the poorer coverage by SOPA of this region of phase space. This measure is converted into the anisotropy ratio R defined as
The ratio R ranges in value from R = À2 (parallel dominated) to R = 0 (isotropic) to R = +2 (perpendicular dominated).
Plasmaspheric drainage plumes are located using the MPA measurements on the same five spacecraft that carry the SOPA instruments. The drainage plumes are identified as regions of dense (n greater than~10 cm
À3
) cool (T~1 eV) plasma that resides within a spatial gap in the electron plasma sheet [cf. Borovsky et al., 2013, Figures 13 and 19] . The warm plasma cloak (n~5 cm À3 , T~10 eV, and oxygen rich)
[cf. Chappell et al., 2008; Borovsky et al., 2013] residing within the electron plasma sheet in the dayside magnetosphere is not included as part of the drainage plume. Using MPA, the times at which the spacecraft enter into and exit from the plumes are noted and 1 h of SOPA anisotropy measurements is collected immediately prior to plume entry (dawnward of the plume) and 1 h of SOPA anisotropy measurements is collected immediately after plume exit (duskward of the plume). These anisotropy collection intervals are indicated in blue and in red along geosynchronous orbit in Figure 1 .
The 226 plume crossings occurred during multiple-daylong high-speed stream-driven storms in the years [2003] [2004] [2005] . The storms are from a collection of high-speed stream-driven storms used in prior studies of the magnetosphere and radiation belt [e.g., Borovsky and Denton, 2010b; Denton and Borovsky, 2012] ; the set of storms used overlaps with available radiation belt anisotropy measurements. High-speed stream-driven storms have well-developed plasmaspheric drainage plumes (and the evolution of the outer electron radiation belt is of particular interest during these high-speed stream-driven storms) [Paulikas and Blake, 1976; Friedel et al., 2002; Borovsky and Denton, 2006, 2010b; McPherron et al., 2009; Lam et al., 2009] . Plumes shift in local time and change in intensity but are persistently seen as one MPA spacecraft after another cross through the dayside magnetosphere . It is very rare that an MPA spacecraft does not see the plume during a crossing of the dayside magnetosphere during a storm.
Results of the Measurements
In Figure 
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Plotted in dark blue in Figure 2 is a 50-point running average of the points in blue, and plotted in dark red is a 50-point running average of the points in red. The running averages reduce the vertical spread in the data points and reveal the underlying statistical trend. As can be seen, there is a vertical gap between the dark -blue and the dark red running averages. This vertical gap is consistent with the electrons undergoing pitch angle scattering toward isotropy within the plume: the electrons are statistically more isotropic after plume passage (red) than before the passage (blue). If there were no scattering, then the two running-average curves should approximately meet. (This meeting in the absence of plumes will be tested in section 4.) In the gap region where the R values of the two populations can be seen clearly, the average value of R before entering the plume is R pre = 1.30 (dark blue curve) and the average value of R after crossing the plume is R post = 0.98 (dark red curve). These values are entered into Table 1 .
For the 1.3-1.7 MeV electrons with an anisotropy ratio R pre = 1.30 before plume crossing and an anisotropy ratio R post = 0.98 after plume crossing, the fractional reduction in the anisotropy ratio ΔR/R = (R pre À R post )/ R pre after one plume crossing is 0.246 (cf. Table 1 ): this is equivalent to a reduction of the anisotropy ratio of these 1.3-1.7 MeV electrons by 25% during a single plume crossing by the electrons.
In Figure 3 , 10 min averaged values of the SOPA-measured anisotropy ratio R are plotted as functions of local time for the energy channel 120-180 keV. Anisotropy measurements taken within 1 h of local time before electrons enter into the plume are plotted in blue and measurements taken within 1 h of local time after electrons exit the plume are plotted in red.
Plotted in dark blue in Figure 3 is a 50-point running average of the points in blue, and plotted in dark red is a 50-point running average of the points in red. As was the case for the 1.3-1.7 MeV energy channel of Figure 2 , there is a vertical gap between the dark blue and dark red running averages in Figure 3 . This vertical gap is consistent with the 120-180 keV electrons undergoing pitch angle scattering toward isotropy within the plume: the electrons are statistically more isotropic after they exit the plume (red) than before they enter the plume (blue). In the gap region where the R values of the two populations can be seen clearly, the average value of R before entering the plume is R pre = 0.38 (dark blue curve) and the average value of R after crossing the plume is R post = 0.17 (dark red curve). The values are entered into Table 1. For the 120-180 keV electrons with an anisotropy ratio R pre = 0.38 before plume crossing and an anisotropy ratio R post = 0.17 after plume crossing, the Figure 3 . From 226 plume crossings, 1 h of 10 min averages of the anisotropy ratio so 120-180 keV electrons are extracted dawnward of each plume and plotted as the blue points and 1 h of 10 min averages of the anisotropy ratio is extracted duskward of each plume and plotted as the red points. A 50-point running average of the blue plotted points is plotted in dark blue, and a 50-point running average of the red plotted points is plotted in dark red.
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fractional reduction in the anisotropy ratio ΔR/R = (R pre À R post )/R pre after one plume crossing is 0.553 (cf. Table 1) : this is equivalent to a reduction of the anisotropy ratio by 55% during a single plume crossing of the 120-160 keV electrons.
A No-Plume Test in the Morning Sector
In section 3 it was stated that the vertical gaps between the preplume anisotropies and the postplume anisotropies in Figures 2 and 3 are consistent with pitch angle scattering of electrons within the plasmaspheric drainage plume. As a test of this explanation for the gap, one would like to examine anisotropy measurements in the afternoon magnetosphere in the absence of a plume. However, during geomagnetic storms when the Kp index is elevated, there is essentially always a drainage plume in the afternoon sector, so a data set in this region in the absence of a plume cannot be obtained.
However, in the morning sector there is almost never a drainage plume. Here a test of the association of the gap with the action of the plume can be performed. To do this no-plume test, "mirror" data sets to the afternoon preplume anisotropies and postplume anisotropies are obtained as follows. For each spacecraft traversal across the dayside magnetosphere in which anisotropy data are collected around a plume, data from the local times mirrored across local noon are also collected. For example, if a preplume hour of data is taken from 13 to 14 LT, then an interval of preplume-mirrored data is taken from 11 to 10 LT. And likewise, if a postplume interval of data is collected at 16.5-17.5 LT, then a postplume-mirrored interval of data is collected at 7.5-6.5 LT. This mirroring of the preplume and postplume data collection is sketched in Figure 4 . The original data intervals straddling the plume are sketched in blue (pre) and red (post); the mirrored data intervals are sketched in blue and yellow (premirrored) and red and yellow (postmirrored). The mirrored pre-data sets and post data sets, focused around the absence of a plume in the morning sector of the magnetosphere, will be analyzed as are the original pre-data sets and post data sets focused around the presence of a plume in the afternoon sector of the magnetosphere.
In Figure 5 (right) the 50-point running average of the preplume 1.3-1.7 MeV anisotropy ratios is plotted in blue, and the 50-point running average of the post plume 1.3-1.7 MeV anisotropy ratios are plotted in red (cf. Figure 2 ). The vertical gap between the two curves is clearly seen. In Figure 5 (left) the 50-point running average of the preplume-mirrored 1.3-1.7 MeV anisotropy ratios are plotted in blue, and the 50-point running average of the postplume-mirrored 1.3-1.7 MeV anisotropy ratios are plotted in red. Note that there is no vertical gap between the two curves in the Figure 5 (left). In the absence of a plume (in particular in the absence of pitch angle scattering within a plume) there is no offset in the anisotropy ratios of the two curves. Hence, it is consistent that the vertical gap between the two curves in the Figure 5 (right) (and in Figure 2 ) is owed to pitch angle scattering of 1.3-1.7 MeV radiation belt electrons as they drift through the plasmaspheric drainage plume.
In Figure 6 (right) the 50-point running average of the preplume 120-180 keV anisotropy ratios is plotted in blue, and the 50-point running average of the postplume 120-180 keV anisotropy ratios are plotted in red (cf. Figure 3) . The vertical gap between the two curves is clearly seen. In Figure 6 (left) the 50-point running average of the preplume-mirrored anisotropy ratios are plotted in blue, and the 50-point running average of the postplume-mirrored anisotropy ratios are plotted in red. As was the case in Figure 5 , there is no vertical gap between the two curves in Figure 6 (left). In the absence of pitch angle scattering within a plume there is no offset in the anisotropy ratios of the two curves. Hence, it is consistent that the vertical gap between the two curves in Figure 6 (right) (and in Figure 3 ) is owed to pitch angle scattering of 120-180 keV radiation belt electrons as they drift through the plasmaspheric drainage plume.
A second indication of the lack of scattering in the absence of plumes will come in section 8 where the diurnal pattern of radiation belt anisotropy across the dayside magnetosphere is examined at low Kp (where plumes are rare) versus at high Kp (where plumes are prevalent). 
Scattering Times
At the end of section 3 the change ΔR = R pre À R post in the anisotropy ratio R that electrons undergo in a single drift through the dayside plasmaspheric drainage plume was measured (cf. Table 1 ) and the fractional reduction of their anisotropy ΔR/R pre for that single passage through the plume was calculated. For 1.3-1.7 MeV electrons the reduction in the anisotropy ratio for a single crossing of the plume is ΔR/R pre = 25% (cf. Table 1) , and for 120-180 keV electrons the reduction in the anisotropy ratio for a single crossing of the plume is ΔR/R pre = 55%. 
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From these measurements, a pitch angle scattering time owing to the plasmaspheric drainage plume is estimated as follows. The scattering time τ isot can be expressed as
where ΔR is the change in R for a single crossing of the plume (ΔR = R pre À R post ) and Δt is the interval between electron crossings of the plume. The Δt is the around-the-Earth drift period of the electrons τ drift . The drift period at geosynchronous orbit can be approximated as
[ Chanteur et al., 1978] where τ o~1 600 s and E = E/m e c 2 where E is the kinetic energy of the drifting electron.
For E = 1.5 MeV expression (4) yields τ drift = 440 s, and for E = 150 keV expression (4) yields τ drift = 3100 s: these values are entered into Table 1 . Using these values of τ drift for Δt in expression (3) and using the values of R pre and ΔR from Table 1 , the scattering time is estimated to be τ isot = 1800 s for 1.3-1.7 MeV electrons and the scattering time is estimated to be τ isot = 5600 s for 120-180 keV electrons.
The ratio of the scattering time τ isot to the drift period τ drift indicates the number N = τ isot /τ drift of plume crossings required for electron anisotropy to be reduced by a multiplicative factor of 1/e. For 1.3-1.7 MeV electrons the number of plume crossings is N = 4.1 and for 120-180 keV electrons the number of plume crossings is N = 1.8~2. These values are entered into Table 1 .
The Pitch Angle Diffusion Coefficients Within the Plume
The order of magnitude of the pitch angle diffusion coefficient D αα within the plume that results in the observed amount of scattering can be estimated as follows. In Table 1 the number of plume crossings N required to isotropize the electrons is given: that number is copied into Table 2 . A typical drainage plume is about 5 h wide in local time at geosynchronous orbit Borovsky et al., 2013] . Hence, a plume crossing time τ cross is about 5/24 of an around-the-Earth drift period τ drift , written τ cross = 5τ drift /24. Using the τ drift values in Table 1 
Scattering here is measured between the fluxes in a band at α = 15°-45°and the fluxes in a band at α = 45°-90°( cf. section 2): looking at mirror symmetry about 90°these two pitch angle bands are separated by 60°, so the gradient scale is Δα = 30°for a second derivative. For 1.3-1.7 MeV electrons expression (5) . These values are entered into Table 2 . Note that D αα could easily vary by a factor of 2 or more since the plume width varies by a factor of 2 [cf. Borovsky et al., 2013, Figure 16 Figure 2] . However, theoretical EMIC pitch angle diffusion coefficients are zero in the vicinity of equatorial pitch angle α = 90°[cf. Summers et al., 2007; Albert, 2008; Ukhorskiy et al., 2010] , and so EMIC waves are theoretically not capable of isotropizing a distribution function away from that 90°vicinity. Evolution toward isotropy is seen in the observations of the radiation belt electrons. It may be possible that for finiteamplitude EMIC waves, the quasilinear description may be lacking and D αα might be nonzero near 90°; test particle simulations (for ions) indicate that this might be the case [cf. de Soria-Santacruz et al., 2013] . It may also be possible that magnetosonic waves act to move the radiation electrons away from 90°in the plumes; for magnetosonic waves the nonzero D αα coefficient extends close to 90°for high values of ω pe /ω ce Horne et al., 2007; Mourenas et al., 2013] . The combination of EMIC waves and magnetosonic waves may be able to explain the observed evolution toward isotropy of the 1.5 MeV electrons. Future studies of the scattering in plumes using SOPA measurements with higher-pitch angle resolution and with higher-energy resolution may resolve this 90°dilemma and may shed light on the type of plasma waves giving rise to the scattering.
In estimating D αα for the plume plasma it was assumed that there is electron scattering throughout the plume. But the distribution of plasma waves may not be uniform within the plumes. For example, in Summers et al. [2007, Figure 21 ] EMIC waves are depicted being concentrated on the duskward edge of a plume where fresh plasma sheet ions drift into the plume plasma; perhaps this is motivated by the concept that the free energy of the hot ions becomes depleted in the plume plasma, and the waves can only be driven on the duskward edge. It remains to be determined what the distribution of EMIC waves is within plumes. If the EMIC waves do the scattering and if the EMIC waves are concentrated on the plume edge, then the pitch angle scattering rates calculated from the observations in this paper are underestimates for the rates while the electrons are within the active wave regions.
Owing to the existence of a minimum kinetic energy for electrons to cyclotron resonate with EMIC waves [cf. Meredith et al., 2003; Ukhorskiy et al., 2010] , EMIC waves cannot be producing the observed radiation belt pitch angle scattering in the 120-180 keV band. However, the D αα value of 2.4 × 10 À4 rad 2 s À1 obtained for 150 keV electrons is in the ballpark of the Summers et al. 
Radial Transport Produced by the Pitch Angle Scattering
In Figure 7 (top) a group of electrons starting out colocated at geosynchronous orbit on the nightside is shown orbiting to the dayside. An electron with a 90°pitch angle (red curve) orbits out further from the Earth on the dayside then does an electron with a near-parallel pitch angle of 10°(green curve). In Figure 7 (bottom) a group of electrons starting out colocated at geosynchronous orbit on the dayside is shown orbiting into the nightside; in this case the 90°electrons (red curve) orbit closer to the Earth on the nightside then do the electrons with 10°pitch angles (green curve). At geosynchronous orbit the radial profile of the electron radiation belt is such that the electron fluxes are higher closer to the Earth. With that radial profile in mind, Pitch angle scattering in the presence of drift shell splitting will produce radial diffusion [Falthammar and Walt, 1969; Roederer and Schulz, 1969] . Changing the pitch angle of an electron on one side of the Earth changes the spatial location of its orbit on the other side of the Earth. For a population of colocated electrons in the dayside magnetosphere, the electrons that have more-parallel pitch angles will orbit farther from the Earth on the nightside than those electrons that have more-perpendicular pitch angles (cf. Figure 7 (bottom)); hence, the pitch angle scattering in the plume on the dayside (where the electron distribution is perpendicular dominated) will produce a net movement of pitch angles from perpendicular to parallel and as a result will produce a net radial transport of radiation belt electrons outward in the nightside magnetosphere. Likewise if there is pitch angle scattering on the nightside where the distribution is parallel dominated, the scattering will produce a net transfer from parallel pitch angles to perpendicular pitch angles, and that nightside pitch angle diffusion will produce a net outward radial transport of radiation belt electrons on the dayside (cf. Figure 7 (top)).
In Table 3 estimates of the order of magnitude of the radial-diffusion coefficients for radiation belt electrons associated with the pitch angle scattering of the electrons in the plasmaspheric drainage plume are made. Drift shell splitting at geosynchronous orbit results in radial displacements of the electron orbits on the order of 0.5 R E [cf. Selesnick and Blake, 2002, Figure 3] (with the size of those shell-splitting radial displacements depending on the state of the magnetosphere). Hence, when scattering the pitch angles of the electrons, spatial displacements of Δr on the order of 0.5 R E result. This value for Δr is entered into Table 3 . The time step associated with this radial step is τ isot . Constructing a radial-diffusion coefficient D rr as
for 1.3-1.7 MeV electrons with τ isot = 1800 s (see Table 1 ) and Δr = 0.5 R E , expression (6) yields D rr~5 600 km 2 s À1 which is D LL~1 2 day
À1
; for 120-180 keV electrons with τ isot = 5600 s (see Table 1 ) and Δr = 0.5 R E expression (6) yields D rr~1 800 km 2 s À1 which is D LL~3 .8 day
. These values for the radiation belt electrons at geosynchronous orbit are entered into Table 3.
Note that these D rr and D LL values in Table 3 associated with plume pitch angle scattering are upper limits: pitch angle scattering in the nightside magnetosphere must occur to fully utilize the dayside pitch angle scattering to produce true radial diffusion.
The radial-diffusion coefficients estimated here for pitch angle scattering of radiation belt electrons in the drainage plume are of the order of the radial-diffusion coefficients commonly calculated for radiation belt electron interactions with magnetospheric ULF waves. For examples, the D LL = 12 day À1 value in Table 3 Figure 11 ]. 
Discussion
Substantial amounts of pitch angle scattering were statistically detected as radiation belt electrons drift across the plasmaspheric drainage plume in the dayside magnetosphere. At geosynchronous orbit the anisotropy of the radiation belt electron population is reduced in a single crossing of the plume by about 25% at 1.3-1.7 MeV and by about 55% at 120-180 keV.
This pitch angle scattering of the radiation belt electrons as they traverse the plume results in an offset of the anisotropy profile across the dayside magnetosphere at high Kp when plumes are present. This can be seen Figure 8 (top) where all available anisotropy measurements from six geosynchronous spacecraft in the years 1999-2007 are displayed. Five hundred-point running averages of the measured anisotropy ratio R are plotted as functions of local time for all data taken when the Kp index was between 2 ≤ Kp ≤ 3 (green curves) and between 4 ≤ Kp ≤ 5.7 (orange curves). The upper curves are for 1.3-1.7 MeV electrons, and the lower curves are for 120-180 keV electrons. As can be seen for both energy bands, the green curves at lower Kp (where plumes are not likely to be present in the dayside magnetosphere) are approximately symmetric across local noon with the anisotropy maximized approximately at noon. However, for both energy bands the orange curves at higher Kp (where plasmaspheric drainage plumes are persistently seen in the afternoon magnetosphere) are very asymmetric across noon, with stronger anisotropies in the morning sector then in the afternoon sector. In Figure 8 (bottom) the statistical locations of plasmaspheric drainage plumes are plotted as functions of local time. The black curve is a binning of the local times at which drainage plume plasma was located by the MPA instruments in the present study of 226 plume crossings during high-speed stream-driven storms (corotating interaction region (CIR) storms); the light blue curve is a binning of the center positions of the drainage plumes collected in the Borovsky and Denton [2008] survey of drainage plumes during CIR-driven storms and the purple curve in Figure 8 (bottom) is a binning of the center positions of the drainage plumes collected in the Borovsky et al. [2013] survey of drainage plumes during coronal mass ejection-driven storms. The across-noon asymmetry in the higher-Kp radiation belt anisotropy ratios in the Figure 8 (top) is consistent with a strong reduction in the anisotropy as the radiation belt electrons drift from the morningside into the drainage plumes in the afternoon sector.
The pitch angle scattering of radiation belt electrons has consequences besides an evolution toward isotropy. One consequence is the scattering of radiation belt electrons into the atmospheric loss cone and a decay of the radiation belt [e.g., Millan and Thorne, 2007; Meredith et al., 2011] . The temporal rate of decay depends not only on the scattering rate but also on the detailed profile of the pitch angle diffusion coefficient in the vicinity of the loss cone [cf. Glauert and Horne, 2005; Shprits et al., 2009] .
A second consequence of the pitch angle scattering of radiation belt electrons is that it acts as a catalyst enabling magnetic pumping [cf. Alfven and Falthammar, 1963] of the radiation belt electrons. In magnetic pumping an interplay between compressible ULF waves and pitch angle scattering makes the plasma compressions and decompressions by the ULF waves irreversible, resulting in a net energy transfer from the ULF waves to the radiation belt electrons [Borovsky, 1986; Liu et al., 1999] .
A third consequence of pitch angle scattering in the presence of drift shell splitting is that it produces radial diffusion, as discussed in section 7.
